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1Salish Sea includes Puget Sound, Strait of Juan de Fuca, and the Georgia Strait, including Canada

Budd Inlet South and 
Central 
Puget 
Sound

Salish Sea* 
including 
Puget 
Sound

Presenter
Presentation Notes
Describe 3 separate efforts, scales, and questions:Puget Sound-wide modelUseful for big picture overview to identify areas of concernsCan predict future oceanic impactsSouth sound modelMore refined and needed to answer regulatory question of whether DO violations are occurring and from what sourcesBud inlet modelFurther refined and needed to answer regulatory question of whether DO violations are occurring and from what sources



How are oxygen and nitrogen related?

• Human activities add nitrogen through 
wastewater, manure, fertilizer, etc.

• Nitrogen fuels algae blooms in Puget 
Sound

• As algae decomposes, it draws down 
oxygen

• Fish, and other aquatic life, need oxygen 
to breathe

Same questions as in Chesapeake Bay, 
Long Island Sound, Gulf of Mexico
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Presenter
Presentation Notes
Could add graphics or just discuss these with first slideAdd photos of nitrogen activities…



How do the Water Quality Standards 
for oxygen (DO) work in Puget Sound?

• Oxygen > 7 mg/L 
(varies by location)

• If naturally < 7 
mg/L, total 
human impact 
cannot cause 
oxygen to 
decline more 
than 0.2 mg/L
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Minimum DO 
by location
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What are the key questions for Ecology?

• How much is natural and how much is 
human?
– Need sophisticated computer models to 

distinguish

• How much reduction is needed to meet water 
quality standards?

• Are permit changes needed to meet water-
quality based effluent limits?
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Presenter
Presentation Notes
These are the first ever efforts to model dissolved oxygen in the Salish Sea and Puget Sound – lots of effort needed, critical expertise
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Presenter
Presentation Notes
1996 evaluatedMax decline by contributor:Capitol Lake dam2 mg/LBudd Inlet wastewater facilities0.1-0.2Deschutes watershed human sources0.1-0.2External human sources, beyond Budd Inlet0.3-0.4LakeIN_existing minus LakeOUT_Natural_a2



South (and Central) Puget Sound findings: Current human 
sources cause oxygen to decline as much as 0.4 mg/L

• Wastewater discharges to 
marine waters have 
bigger influence than 
river sources

• South Sound depletions 
influenced by a 
combination of:
– South Sound sources
– Central Sound sources
– Other external human 

sources (North Sound and 
beyond?)
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Presenter
Presentation Notes
Capitol Lake dam *not* considered, so lesser impacts predicted in Budd.  Because we use 2007 values, impacts are lesser because LOTT loads are lower than those evaluated in the Budd project.2007 evaluated



Salish Sea findings: Current human sources cause 
oxygen to decline as much as 0.1 mg/L

• Wastewater discharges 
to marine waters have 
bigger influence than 
river sources

• South and Central Puget 
Sound reflect greatest 
impact from human 
sources
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EPA grant from NEP to ECY + PNNL + Ecology funds

Presenter
Presentation Notes
Both Salish Sea and South Sound models generally predict low current impacts due to human nitrogen sources.  Algae in Puget Sound *mostly* grow because of variability in light and temperature.  Less sensitive to nutrients than other large estuaries? Unique position in the landscape. 17% of the Puget Sound watershed is developed and >90% of the water reaching Puget Sound originates in undeveloped land (Cascades, forested regions).Max impact is less than that predicted by South Sound model – partly due to fewer layers in South Sound model, limitation of Salish Sea model where we can’t directly compare output (yet) to the water quality standards as we’ve done in Budd and South Sound.  Will be difficult to explain.  Both models equally good overall.2006 evaluated



Salish Sea findings: Future population growth will 
increase oxygen impacts; ocean makes it even worse

Current human 
sources, circulation, 
ocean conditions, air 

temperature
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Presenter
Presentation Notes
Currently model shows impacts up to 0.1 mg/LBy 2070, increased loads would cause impacts >0.2 mg/L in some areasConsidering changes in circulation associated with climate change impacts on streamflows may make some areas worse but could offset impacts in othersIf trends in the Pacific Ocean dissolved oxygen levels continue (highly uncertain), would have major impacts on Salish Sea water quality. More impact closer to ocean and lesser inland.If air temperature warms, dissolved oxygen would decline even further and could be comparable to impacts from population growth.



Uncertainties

• Inherent model error
– Similar to other models used to regulate sources
– Unknowns including climate change and ocean 

boundary changes

• Future sediment enrichment
– Model currently has no sediment “model”
– DO is sensitive to sediment assumptions
– Our current assumptions are conservative
– Next phase is to improve enrichment prediction 
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Key findings

• Ocean conditions are dominant
• Human impacts are achieving water quality 

standards in many areas today
• Portions of South and Central Puget Sound are just 

over the standards today
– Model uncertainty
– Standards could face scrutiny

• Budd Inlet impacts must be reduced to meet 
standards
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Presenter
Presentation Notes
Notes from Ben 9/24/13:I’d suggest re-working this slide.  Suggest deleting right hand side (too many words and I think you can say it).My list of key findings:Ocean conditions are dominantHuman impacts are low and achieving WQS in many areas today.  Situation is not dire at large scale (PS is not Chesapeake)South Sound is just over the WQS line today, but with small exceedance comes:- concern over uncertainty (sed. enrichment assumptions)- standards could face scrutinyBudd is clearly over the line, largely due to Capitol Lake  We can just discuss the “so what” after offering this list (let Kelly walk through potential actions in Budd and South Sound).
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Key messages
• Actions are needed to help Budd 

Inlet meet standards
• Wastewater discharges are at or 

approaching levels of regulatory 
concern in South and Central 
Puget Sound now and will 
increase with population

• We do not have enough scientific 
certainty for immediate 
regulatory action

• We recommend additional 
analyses of both models

• When impacts are close to 0.2 
mg/L, standards could face 
scrutiny

Project next steps
 We invite interested parties to 

work with us to improve the 
models

• Budd Inlet:
– WQP continuing with Deschutes 

River TMDL
– Unclear path for Capitol Lake and 

Budd Inlet TMDL components

• South/Central Puget Sound and 
Salish Sea:

– External review draft reports 
(separate) distributed September 30

– Joint advisory committee meeting 
week of October 7

– Finalize reports in December, January
– 2014-15 – refine Salish Sea model
– Use refined Salish Sea models to 

inform regulatory decisions
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